Abstract: Studies have suggested that statin use is related to cancer risk and prostate cancer mortality. We conducted a population-based cohort study to determine whether using statins in prostate cancer patients is associated with reduced all-cause mortality rates.
INTRODUCTION

S
tatins are competitive inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase; this class of drug is commonly used to reduce serum cholesterol levels, and the effectiveness of statins in preventing heart attack and stroke was documented. 1 Preclinical studies have reported that statins potentiate antitumor effects 2, 3 ; however, the chemopreventive role of statins has remained ambiguous. [4] [5] [6] [7] [8] [9] Regarding prostate cancer, studies have indicated that statin use is associated with risk reduction [10] [11] [12] ; however, contrasting reports have suggested that statins do not reduce 13, 14 or even increase the risk 15 of prostate cancer development. Several observational studies have investigated the role of statins in the recurrence of prostate cancer, yielding inconsistent results. [16] [17] [18] [19] [20] [21] [22] Some reports have indicated decreased risks of biochemical recurrence after treatment, [16] [17] [18] whereas other reports have not. [19] [20] [21] [22] A population-based observational study in Denmark revealed that statin use is associated with reduced cancer-related mortality among cancer patients. 23 An updated study from 1995 to 2009 among adults older than 40 years in the Danish population indicated that patients using statins before cancer diagnosis were 15% less likely to die from any cause, and particularly cancer, than were those who did not take statins. 24 However, a meta-analysis indicated that statin use did not influence cancer-related mortality. 25 Two epidemiologic investigations focusing on prostate cancer have indicated that using statins after diagnosis is associated with a decreased risk of prostate cancer mortality. 26, 27 A recent review highlighted that some studies that adjust for confounding factors have demonstrated statin therapy to be associated with favorable clinical outcomes of prostate cancer. 28 Editor: Masaki Shiota.
Prostate cancer is the most common malignancy among men in Western countries and is the second leading cause of death. 29 Although the incidence and mortality rates of prostate cancer among Asian men are much lower compared with men in Western countries, these rates have increased rapidly in the past 2 decades in most native Asian populations. In spite of enhanced detection, much of the increased incidence may be associated with westernization of the lifestyle, with increasing obesity and increased consumption of fat. 30 Prostate cancer is the fifth most prevalent cancer and the seventh leading cause of cancer death among Taiwanese men. The age-adjusted incidence and mortality of prostate cancer among Taiwanese men in 2011 were 29.66 people per 100,000 and 6.36 people per 100,000, respectively. 31 To determine whether statin use is associated with a reduced risk of death among Taiwanese men diagnosed with prostate cancer, we conducted a study using the database of the National Health Insurance (NHI) system of Taiwan.
METHODS
Data Sources
In this cohort study, data were obtained from the Taiwan NHI electronic records system, which contains all medical claims from 1996 to 2011. The NHI program covers 99% of the Taiwanese population, and 97% of medical institutions in Taiwan are NHI-contracted providers (http://www.nhi.gov.tw/ english/index.aspx). The National Health Research Institutes (NHRI) manages the insurance claims data reported to the Bureau of Health Insurance.
The NHRI has established the National Health Insurance Research Database (NHIRD) and releases annual data for use in research. The NHIRD includes complete information regarding ambulatory and inpatient care. Researchers are provided with scrambled identification numbers associated with the relevant claim information, including information on the sex, date of birth, received medical services, and medication prescriptions of patients. The diagnostic codes are formatted according to the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM).
As part of the NHI program, insurants who suffer from certain severe diseases or conditions, such as malignancies, organ transplants, or autoimmune diseases, can apply for a catastrophic illness certificate. Applying for a catastrophic illness certificate for malignancies requires cytological or pathological evidence supporting the diagnosis. Multiple NHI databases are integrated to form the catastrophic illness database, providing comprehensive information on all patients with severe diseases who obtain copayment exemptions from the NHI program.
Patient consent is not required to access the NHIRD. This study was approved by the Institutional Review Board of China Medical University in Central Taiwan (CMU-REC-101-012).
Study Sample
By using the Registry of Catastrophic Illness and NHI databases, we identified prostate cancer patients (ICD-9-CM code 185) between January 1, 1998 and December 31, 2010. Patients younger than 20 years were excluded. The date of application for a catastrophic illness exemption was defined as the index date. The patients were divided into 2 cohorts based on their statin use before the diagnosis of prostate cancer: the statin (at least 6 months of statin therapy before the index date) and nonstatin (no statin therapy before the index date) cohorts. To establish the nonstatin cohort, we randomly selected 1 nonstatin patient from the same period and matched this patient with a statin patient according to year of receiving statin treatment, age (per 5 years), and index year.
Definitions of the Endpoint, Comorbidities, and Covariables
The key variable of interest was the overall survival rate. The study endpoints were death, withdrawal from the database, or the end of 2011.
The baseline comorbidities were diabetes (ICD-9-CM code 250), hypertension (ICD-9-CM codes 401-405), stroke (ICD-9-CM codes 430-438), coronary artery disease (CAD; 410-414) (CAD; ICD-9-CM codes 410-414), and chronic obstructive pulmonary disease (COPD; ICD-9-CM codes 490-496). The treatments for prostate cancer involved chemotherapy, radiotherapy, prostatectomy, and hormone therapy.
Statistical Analysis
The distributions of categorical sociodemographic characteristics and comorbidities were compared between the statin and nonstatin cohorts, and the differences were examined using the x 2 test for categorical variables and the t test for continuous variables. For each variable, the follow-up person-years were used to estimate the incidence rate. Cox proportional hazard regressions were used to assess the mortality rates associated with statin use. Furthermore, we divided each statin type into 2 groups according to the quartile of cumulative defined daily dose (DDD). Cox proportional hazard regression was used to assess how the statin dose affected the relative risk of mortality. The overall survival curves were plotted using the KaplanMeier method, and statistical significance was examined using a log-rank test. A P value of <0.05 indicated statistical significance. All statistical analyses were performed using SAS statistical software (version 9.3 for Windows; SAS Institute, Inc., Cary, NC).
RESULTS
In all, 10,358 prostate cancer patients were followed up for an average of 7.75 years (AE3.31 years). The mean ages of the nonstatin and statin cohorts were 68.6 (AE8.76 years) and 68.5 years (AE8.14 years), respectively (Table 1) . Approximately, 84.8% of the patients were older than 60 years. Table 1 shows the baseline comorbidities of the cohorts. Compared with the nonstatin users, the statin users were more likely to have diabetes (10.5% vs 31.6%, P < 0.0001), hypertension (48.0% vs 80.1%, P < 0.0001), stroke (4.07% vs 9.62%, P < 0.0001), CAD (27.2% vs 53.5%, P < 0.0001), and COPD (33.0% vs 38.0%, P < 0.0001). Regarding the treatment for prostate cancer, the statin users exhibited a higher rate of oral hormone therapy (41.8% vs 44.9%, P ¼ 0.002) and prostatectomy (18.2% vs 20.1%) and a lower rate of radiotherapy (7.94% vs. 5.93%, P < 0.0001) than the nonstatin users did. Table 2 shows the overall and age-, comorbidity-, and treatment-specific incidence rates of mortality among the cohorts. Overall, 1367 nonstatin users and 1025 statin users became deceased during the follow-up period, and the incidence rates were 34.8 per 1000 person-years and 25 per 1000 personyears, respectively. When the participants were stratified according to age, the death incidence rate increased as age increased in the statin user cohort (8.97 at 59 years, 16.9 at 60-69 years, 37.6 at 70-79 years, and 60.1 at !80 years). Among patients who lacked comorbidities, the statin cohort exhibited the lowest incidence rate of death (12.3 per 1000 person-years). Table 2 shows the crude and adjusted hazard ratios (HRs) for the risk of mortality among the comparison cohorts. The Figure 1 shows the results of the log-rank test and overall survival curve. The rate of overall survival was significantly higher in the statin cohort than in the nonstatin cohort (log-rank P < 0.001; Figure 1 ). After we controlled for variables ( Table 2 ) groups. Regardless of treatment with hormone therapy, radiotherapy, chemotherapy, or prostatectomy, statins exerted the same protective effects against the risk of mortality. Table 3 
DISCUSSION
In this nationwide population-based cohort study, prostate cancer patients in Taiwan who used statins exhibited significantly lower all-cause mortality than did nonusers, regardless of the type of statin. The results suggested a dose-response relationship regarding the cumulative DDD.
The NHI program provides insurants with comprehensive coverage; thus, the NHIRD contains outpatient and inpatient records and prescription claim data. This database enabled appropriately selecting matched patients to represent the underlying population. We have used the NHIRD to perform several cohort studies evaluating the risk factors of or protectors against cancer. [32] [33] [34] Because statins are commonly prescribed throughout the world, a small hazard-benefit ratio can yield crucial clinical implications of interest to the public and medical practitioners. A large population-based study can elucidate how statin use is associated with mortality in prostate cancer patients. Therefore, a cohort design was employed to identify the relationship between statin use and prostate cancer all-cause mortality.
Statins inhibit cholesterol synthesis within cells by inhibiting HMG-CoA reductase, a crucial rate-limiting enzyme involved in the mevalonate synthesis pathway that is essential for synthesizing various compounds, including cholesterol. 35 By inhibiting HMG-CoA reductase, statins block the pathway of synthesizing cholesterol in the liver and reduce systemic cholesterol. Statins indirectly reduce cellular cholesterol levels in multiple cell types through lowering circulating cholesterol, consequently impacting on membrane microdomains and steroidogenesis. 28 Disruptions of these processes in malignant cells result in inhibited cancer growth and metastasis 23, 36, 37 ; laboratory studies have supported this phenomenon, indicating that statins exhibit broad anticancer properties. 2, 3, 38 Regarding statins and prostate cancer in vitro, preclinical data suggest that statins might exert a chemopreventive role against prostate cancer by inhibiting the proliferation and inducing apoptosis of prostate cancer cells and also inhibiting angiogenesis, inflammation, and metastasis. 39 Yokomizo et al reported that statins reduce the androgen sensitivity and cell proliferation by decreasing the androgen receptor protein in prostate cancer cells. 40 In addition, a recent study found that statins competitively reduce dehydroepiandrosterone sulfate uptake, thus effectively decreasing the available intratumoral androgen pool, affords a plausible mechanism to support the clinical observation of prolonged time to progression of prostate cancer in statin users. 41 Several observational epidemiologic studies have explored the chemopreventive effects of statin use in different cancers, yielding inconsistent results. [4] [5] [6] [7] [8] [9] The role of statins in the risk of prostate cancer has remained undetermined in several observational and clinical studies. [10] [11] [12] [13] [14] [15] Furthermore, a study using the NHIRD indicated that statin use increased the risk of prostate cancer. 15 In addition to cancer risk, researchers have explored how statin use affects prostate cancer outcomes. Previous researchers have investigated biochemical recurrence, but no definite conclusion can be reached based on the inconclusive results of observational studies. [16] [17] [18] [19] [20] [21] [22] A review indicated that after adjusting for confounding factors, some studies have demonstrated statin therapy to be associated with favorable clinical outcomes in prostate cancer patients. 28 Harshman et al demonstrated that men with prostate cancer taking statins had a significantly longer median time to progression during androgen deprivation therapy compared with nonusers after adjusting for predefined prognostic factors. 41 The current study focused on the influence of statin use on the all-cause mortality of prostate cancer; among prostate cancer patients, statin use was associated with decreased all-cause mortality, regardless of the type of statin used. Both low-and high-dose levels were associated with significantly reduced mortality, but the high-dose groups consistently exhibited lower HRs than did the low-dose groups regardless of the statin type, suggesting a dose-response relationship. Our results correspond with those of the cohort study of Yu et al, who indicated that the rates of prostate cancer mortality and all-cause mortality significantly decreased by 24% and 14%, respectively, among statin users, exhibiting a dose-response relationship. 26 In an ongoing prospective cohort study in the United States, Platz et al 42 indicated that cancerrelated mortality was reduced among advanced prostate cancer patients who used statins. A matched case-control study showed an inverse association between statin use and prostate cancer death. 43 Furthermore, a population-based epidemiologic study performed in the United States (Washington state) indicated that using statins before the diagnosis of prostate cancer was associated with a decreased risk of prostate-cancer specific mortality. 27 Our data revealed that, compared with nonusers, statins users exhibit a significantly lower risk of prostate cancer death regardless of the prescribed treatment. A previous study reported that, among patients who underwent radiotherapy and radical prostatectomy, statins were associated with significantly decreased all-cause mortality risks of 41% and 65%, respectively. 44 Klop et al indicated that observational studies have reported the beneficial effects of statins on various health outcomes, whereas randomized controlled trials have not. The discrepancies between observational studies and randomized controlled trials may be attributable to healthy-user bias in observational studies. 45 No data are available from randomized clinical trials evaluating the role of statins in protecting against prostate cancer death.
The strength of this study is the population-based design, which yielded strong generalizability; however, several limitations must be considered based on the incompleteness of the employed database. First, the NHIRD lacks information regarding the lifestyles and behaviors of patients, making it impossible to adjust for health behavior-related factors such as smoking and alcohol consumption. Smoking is a strong risk factor in cancerrelated death, and a survey among general practitioners in the United Kingdom indicated that statins are selectively underprescribed because of the unhealthy lifestyles of patients who smoke. 46 Second, the NHIRD records do not contain data on the prostate cancer stage, Gleason score, or prostate-specific antigen levels. Thus, we could not conduct sophisticated tests adjusting for these variables. Although these factors are vital predictors of the prostate cancer outcome, it remains unclear if they can be considered confounders because they may not be associated with statin exposure. 26 Moreover, the analyses were adjusted based on the provided cancer treatment, and the treatment method correlated with the tumor characteristics. Third, the cause of death is not documented in the Registry of Catastrophic Illness; therefore, we could analyze the allcause mortality, but not the cancer-specific mortality.
In conclusion, the results of this population-based observational study indicate that statin use may reduce all-cause mortality among prostate cancer patients. Large-scale, prospective, well-controlled randomized trials are required to validate these findings.
